Background {#Sec1}
==========

Insecticide-treated bed nets (ITNs) are effective tools for malaria control \[[@CR1]\]. Meta-analyses have shown that ITNs are associated with an 18% reduction in child mortality \[[@CR2]\], 51% decrease in uncomplicated malaria incidence and 17% reduction in parasite prevalence in children \[[@CR3]\]. In the past decade, the rapid scale-up of bed nets in sub-Saharan Africa (SSA) contributed to the significant decline of malaria burden in the region \[[@CR4], [@CR5]\]. Sustaining high coverage of this intervention is critical to decrease further the burden of the disease and reach the long term-goal of malaria elimination. It is estimated that a minimum of 150 million ITNs per year are needed to maintain a constant pool of 450 million functioning ITNs to protect individuals at risk in SSA \[[@CR6]\].

Increasing ITN coverage has been achieved using various distribution strategies, including social marketing \[[@CR7]--[@CR9]\], free distribution to target vulnerable groups (pregnant women and children under the age of five) through antenatal care (ANC) or immunization campaigns \[[@CR7], [@CR8], [@CR10]--[@CR12]\], and more recently, free, universal, population-based distribution campaigns targeting the general population \[[@CR7], [@CR8], [@CR10], [@CR12]--[@CR18]\]. The World Health Organization (WHO) recommends to distribute free or subsidize bed nets as the best way to ensure full coverage \[[@CR19]\].

In 2001, a nationwide survey in Burkina Faso estimated that only 12.4% of children under the age of five were sleeping under a net, compared to 23.2% in 2005. Among pregnant women this proportion was 10.0% in 2001 and 27.5% in 2005 \[[@CR20]\]. To rapidly increase coverage of ITN ownership and use, particularly among vulnerable groups, the Government of Burkina Faso initiated a first national-scale, free distribution campaign of ITNs in 2010. The aim of the campaign was to ensure that households had access to at least one ITN for every two people through the distribution of about eight million long-lasting insecticidal nets (LLINs). Moreover, in 2013, the national malaria control programme (NMCP) launched the second free LLIN distribution campaign to scale-up the coverage of ITNs in the country. This campaign aimed to ensure that 100% of households owned at least one ITN, and reach 80% ITN use by 2015. In 2014, the Burkina Faso Government decided to conduct the first Malaria Indicator Surveys (MISs) to assess coverage and impact of scaled-up malaria interventions. MISs were developed by the Roll Back Malaria (RBM) Monitoring and Evaluation Reference Group (MERG) with the aim to help national ministries of health collect key and timely information on malaria control at national level \[[@CR21]\]. As Burkina Faso aims to achieve universal coverage with LLINs, this paper assessed the progress and gaps in coverage of bed net ownership and use based on RBM/MERG-recommended indicators \[[@CR21]\].

Methods {#Sec2}
=======

The authors analysed regional trends of ITNs ownership, access and use indicators in Burkina Faso over 11 years. These indicators were computed using data from the 2003 and 2010 Demographic and Health Surveys (DHS) \[[@CR22], [@CR23]\], 2006 Multiple Indicators Cluster Survey (MICS) \[[@CR24]\] and the first national MIS 2014 \[[@CR25]\]. At the time of these surveys, Burkina Faso was divided into 13 administrative regions.

Data from Demographic and Health Survey 2003 and 2010 {#Sec3}
-----------------------------------------------------

DHS 2003 (between June and December 2003) and DHS 2010 (between May 2010 and January 2011) were conducted during the high transmission season. DHS was designed to obtain national and regional estimates for malaria indicators. The DHS surveys followed a two-stage selection process in which a random sample of clusters was first selected from the most recent national sample frame. In the second stage, all households were listed and the final list of households selected by systematic random sample. In the Burkina Faso DHS, the sample was selected in two stages, stratified by place of residence (urban and rural) with enumeration areas (EAs) as the first-stage sampling units, and households as the second-stage sampling units. Further details are provided in the DHS reports \[[@CR22], [@CR23]\].

Data from MIS 2014 {#Sec4}
------------------

The MIS data were collected from October to November 2014 (at the end of the high transmission season), using the standard malaria indicator questionnaires developed by the RBM and the DHS Program. The dataset consists of malariometric information, demographic characteristics and socio-economic status on a nationally representative sample of 6448 households from 252 clusters, of which 52 are in the urban areas. These clusters were derived from a stratified two-stage cluster design. A detailed description of the sampling strategies is documented in the final report of the 2014 Burkina Faso MIS \[[@CR25]\].

Data from MICS 2006 {#Sec5}
-------------------

Multiple Indicator Cluster Surveys are typically carried out by government organizations with the support and assistance of UNICEF to fill data gaps for monitoring the children and women wellbeing. The Burkina Faso MICS conducted from March to June 2006 used a two-stage stratified sample design. At the first stage of sampling, 198 census EAs (197 visited) were selected. The clusters in each region were selected using systematic sampling with probability proportional to their size. A complete household-listing exercise covering all EAs in the 2003 Burkina Faso DHS was carried out. At the second stage, a systematic sampling of households was selected based on this list. For the 2006 Burkina Faso MICS, 30 households per EA were selected per rural EA, 32 (in Ouagadougou, the capital city) to 36 households per urban EA. Due to the fixed sample size per EA, the disproportional number of EAs and different sample sizes selected per EA among regions, the household sample is not self-weighting at the national level. A more detailed description of the sample design can be found elsewhere \[[@CR24]\].

Indicators {#Sec6}
----------

Ownership, access, use, and gap indicators were calculated from the datasets of households and individual household members, as recommended by MERG \[[@CR21]\] (Table [1](#Tab1){ref-type="table"}).Table 1RBM/MERG-approved indicators usedIndicatorNumeratorDenominatorOwnership Proportion of households in the survey with at least one ITN (P1)Number of households owning at least one ITNNumber of households in the survey Proportion of households with sufficient access to ITN (P2)Number of households owning at least one ITN for every two household membersNumber of households in the survey Proportion of population with access to ITN within the household (P3)Potential number of household members protected by the ITN (i.e., number of ITN owned multiplied by two), or number of de facto household members in the household, whichever was the lowestPopulation in the survey Proportion of households with at least one ITN for every two people among households owning any ITN (P7)Number of households owning at least one ITN for every two household membersNumber of households owning at least one ITNIntra-ownership gap, the proportion of households owning less than one ITN for every two household members, is calculated as 1-P7Use Proportion of population sleeping under an ITN the previous night (P4)Number of household members who slept under an ITN the night before the surveyPopulation in the survey Proportion of children under 5 years sleeping under an ITN the previous night (P5)Number of children under 5 years who slept under an ITN the night before the surveyNumber of children under five years in surveyed households Proportion of pregnant women sleeping under an ITN the previous night (P6)Number of pregnant women who slept under an ITN the night before the surveyNumber of pregnant women in surveyed households Proportion of population sleeping under an ITN the previous night among those with access (P8)Number of household members who slept under an ITN the night before the surveyTotal number of people with access to an ITN, calculated as the sum of all access (P3) valuesBehavioural gap, the proportion of household members who did not sleep under an ITN despite having access to one, is calculated as 1-P8

Statistical methods {#Sec7}
-------------------

Data was analysed using Stata version 14 software and the maps were made using the R software. Point estimates (in percentage) and 95% confidence intervals were computed for each indicator and data point. In addition the percentage point changes between the baseline (2003) and endline (2014) were computed to assess change in the indicator and statistical significance assess at 5% level. Change by region and socio-demographical factor of each indicator between 2003 and 2014 were explored using the difference between weighted proportions (with svy prop command for survey data analysis) in Stata version 14 followed by a Lincom command (Linear combination of estimators). The survey mean command followed by Lincom (to compute two-sample t-test for difference in means with sampling weights) was used for the continuous variable access. Using this approach, we were directly testing whether the observed difference was significantly superior to zero.

Results {#Sec8}
=======

ITN ownership at household level (referred to as percentage 1-P1) {#Sec9}
-----------------------------------------------------------------

Respectively, 9097, 6034, 14,424, and 6448 households were visited in the DHS 2003, MICS 2006, DHS 2010, and MIS 2014. Ownership of ITN at household level in Burkina Faso was 5.6, 95% CI (4.7, 6.5%) in 2003, 23.3% (19.8, 27.3%) in 2006, 56.9% (54.8, 59.0%) in 2010, compared to 89.9% (88.5, 91.2%) in 2014 (Fig. [1](#Fig1){ref-type="fig"}). Overall ownership of ITNs at household level increased significantly from 2003 to 2014 (p \< 0.001, Fig. [1](#Fig1){ref-type="fig"}). Ownership of ITNs in rural areas increased from 3.2% in 2003 to 90.8% in 2014 (p \< 0.001). In urban areas, a percentage point increase of 72.5 of ITN ownership by households was observed from 2003 to 2014 (p \< 0.001). In 2003, the richest households had the highest level of ITN ownership (15.8 vs 1.8% for poorest households). In 2014, ITN ownership increased and reached 84.4% in the poorest quintile compared to 87.4% in the richest quintile (Table [2](#Tab2){ref-type="table"}).Fig. 1Trends of main malaria prevention indicators between 2003 and 2014, Burkina Faso. *Panel A* (ITN ownership) represents the proportion of households owning at least 1 ITN, owning 1 ITN for 2 household members and the proportion of individuals with access to an IT. *Panel B* (ITN use) represents the proportion of people who slept under an ITN the night before the survey for the whole population, among children under five years old and among pregnant women. *Panel C* (gap indicators) represents the proportion of household onwing at least 1 ITN, but less than 1 for every 2 household members (intraownership gap), and the proportion of people having access to an ITN but who did not use it the night before the survey (behavioural gap). All indicators are *plotted* for the 2003, 2006, 2010 and 2014 surveys, along with their 95% confidence interval Table 2Proportion of households owning at least one insecticide-treated bed netBackground characteristicDHS 2003MICS 2006DHS 2010MIS 2014Percentage point change (2003--2014)% (95% CI)N% (95% CI)N% (95% CI)N% (95% CI)NResidence Urban14.8 (12.5--17.2)218245.0 (38.6--51.4)92160.0 (56.9--63.0)439187.8 (85.2--90.4)130572.5 (69.0--76.0) Rural3.2 (2.4--4.0)686814.9 (12.8--17.1)460255.9 (53.3--58.5)999790.8 (89.2--92.4)510487.6 (85.8--89.4)Household wealth quintiles Poorest1.8 (0.7--3.0)18808.4 (6.4--10.5)127648.8 (44.9--52.7)262084.4 (81.0--87.7)151182.6 (79.0--86.2) Poorer2.6 (1.6--3.7)161913.3 (10.5--16.1)127653.4 (50.2--56.7)274491.8 (90.2--93.4)138589.0 (87.2--90.9) Average2.8 (1.8--3.8)202314.1 (10.7--17.4)111656.8 (53.7--60.0)277793.8 (92.2--95.4)128891.1 (89.2--92.9) Richer3.8 (2.4--5.2)140723.5 (18.9--28.1)101359.5 (56.4--62.7)292294.0 (91.5--96.4)123690.1 (87.3--92.8) Richest15.8 (13.3--18.3)212152.1 (45.7--58.4)84265.1 (62.3--67.9)332587.4 (84.9--89.9)98970.8 (67.1--74.4)Size of the household Small (1--5 members)6.0 (4.7--7.2)442124.5 (19.4--29.7)234553.3 (51.1--55.6)816988.3 (86.6--90.0)336282.0 (79.8--84.1) Medium (6--8 members)5.5 (4.1--6.8)240122.7 (18.9--26.5)166560.3 (57.8--62.8)391191.4 (89.6--93.2)176085.9 (83.6--88.2) Lager (9+ members)4.8 (3.7--5.9)222821.9 (17.4--26.3)151363.7 (60.8--66.7)230892.6 (90.8--94.5)128787.8 (85.7--89.9)All estimates take into account sample weights*CI* Confidence intervals, *DHS* Demographic and Health Survey, *MICS* Multiple Clusters Indicator Survey, *MIS* Malaria indicator Survey, *N* number of households

Insecticide-treated bed nets coverage also increased significantly in different regions from 2003 to 2014. The percentage point increases were consistently high across regions (from 76.9 to 94.5). Compared to 2003 and 2010, ITN ownership was rather stable across the country and displayed limited geographic heterogeneity in 2014 (Fig. [2](#Fig2){ref-type="fig"}).Fig. 2Trends of main ownership indicators between 2003 and 2014, Burkina Faso. The proportion of households owning at least 1 ITN (**a**), owning at least 1 ITN for 2 household members (**b**) and the proportion of the population with access to an ITN (**c**) is indicated for each region, for 2003, 2006, 2010, and 2014, respectively

ITN ownership at household level (P2: households with at least one ITN for every two people) {#Sec10}
--------------------------------------------------------------------------------------------

The proportion of households with enough ITNs for every household member, i.e., at least one ITN for every two people, was 1.8% (1.4, 2.3%) in 2003, 8.4% (6.1, 11.4%) in 2006, 18.5% (17.1, 20.0%) in 2010, compared to 49.2% (47.3, 51.0%) in 2014, indicating a substantial increase (p \< 0.001). Household access to ITNs improved significantly from 2003 to 2014 in urban and rural areas, in all quintiles of wealth and in the different regions in Burkina Faso. The largest increases were observed in urban areas amongst the richest two quintiles, in smallest households and in the Hauts-Bassins and Central-South regions (Table [3](#Tab3){ref-type="table"}). In these two regions, 62.5 and 60.4% households, respectively, owned at least one ITN for every two members in 2014 (Fig. [2](#Fig2){ref-type="fig"}).Table 3Proportion of households owning at least one insecticide-treated bed net for every two membersBackground characteristicDHS 2003MICS 2006DHS 2010MIS 2014Percentage point change (2003--2014)% (95% CI)N% (95% CI)N% (95% CI)N% (95% CI)NResidence Urban5.8 (4.2--7.4)218220.9 (16.2--25.7)92124.8 (22.5--27.1)439155.6 (52.4--58.8)130549.0 (45.4--52.6) Rural0.8 (0.5--1.1)68683.6 (2.7--4.4)460216.4 (14.6--18.1)999746.5 (44.4--48.5)510445.4 (43.3--47.5)Household wealth quintile Poorest0.6 (0.1--1.1)18801.5 (0.8--2.2)127612.4 (10.3--14.5)262041.1 (37.0--45.1)151140.3 (36.3--44.4) Poorer0.2 (0.0--0.5)16192.4 (1.3--3.4)127615.4 (13.2--17.7)274447.4 (44.2--50.7)138547.0 (43.8--50.2) Average0.5 (0.2--0.9)20233.7 (2.3--5.0)111617.0 (14.7--19.2)277745.6 (42.3--48.8)128844.8 (41.5--48.1) Richer0.8 (0.3--1.3)14075.3 (3.5--7.0)101317.7 (15.4--20.0)292252.2 (48.7--55.6)123651.0 (47.6--54.5) Richest6.5 (4.8--8.1)212125.8 (21.0--30.6)84228.6 (26.2--31.0)332558.3 (55.0--61.6)98950.9 (47.2--54.5)Size of the household Small (1--5 members)3.3 (2.5--4.0)442114.4 (10.2--18.6)234526.7 (24.7--28.7)816965.7 (63.6--67.9)336261.5 (59.3--63.8) Medium (6--8 members)0.7 (0.1--1.2)24015.3 (3.6--7.0)16659.8 (8.5--11.2)391137.2 (34.1--40.2)176036.5 (33.3--39.7) Large (9+ members)0.1 (0.0--0.3)22281.2 (0.6--1.7)15134.2 (3.1--5.3)230817.9 (15.3--20.4)128717.8 (15.2--20.3)All estimates take into account sample weights*CI* Confidence intervals, *DHS* Demographic and Health Survey, *MICS* Multiple Clusters Indicator Survey, *MIS* Malaria indicator Survey; *N* number of households

Access to ITN at population level (P3) {#Sec11}
--------------------------------------

Access to ITNs increased significantly from 2.5% (2.1, 3.0%) in 2003, to 13.4% (11.0, 15.9%) in 2006, 36.1% (34.1, 38.0%) in 2010, and reached 71.2% (69.6, 72.8%) in 2014 (p \< 0.001) (Table [4](#Tab4){ref-type="table"}; Fig. [1](#Fig1){ref-type="fig"}).Table 4Proportion of population having access to an insecticide-treated bed netBackground characteristicDHS 2003MICS 2006DHS 2010MIS 2014Percentage point change (2003--2014)% (95% CI)N% (95% CI)N% (95% CI)N% (95% CI)NResidence Urban8.1 (6.6--9.6)12,31328.8 (23.4--34.1)569140.2 37.3--43.0)21,75871.1 (6 7.8--74.4)673363.0 (59.4--66.7) Rural1.3 (0.9--1.7)46,5308.5 (7.1--9.9)32,81334.9 (32.6--37.2)58,77471.2 (69.4--73.0)31,66069.9 (68.0--71.8)Household wealth quintiles Poorest0.7 (0.3--1.2)10,8024.3 (3.1--5.5)873429.5 (26.4--32.6)15,24363.0 (59.7--66.4)838062.3 (58.9--65.7) Poorer0.9 (0.5--1.2)11,1137.8 (5.8--9.7)807233.5 (30.8--36.3)15,38972.3 (70.2--74.3)849571.4 (69.3--73.5) Average1.1 (0.4--1.8)14,3458.2 (6.2--10.3)868535.8 (33.0--38.5)16,30674.0 (72.0--76.0)852072.8 (70.7--75.0) Richer1.5 (0.8--2.2)10,05612.0 (9.2--14.8)770237.5 (34.8--40.2)16,98974.8 (72.4--77.3)816573.3 (70.7--75.9) Richest8.3 (6.8--9.7)12,52734.9 (29.5--40.2)531144.1 (41.4--46.7)16,60571.8 (68.1--75.6)483363.5 (59.5--67.6)Size of the household Small (1--5 members)4.2 (3.2--5.1)14,27819.1 (15.0--23.2)816642.2 (40.0--44.4)27,13079.7 (77.9--81.4)11,25075.5 (73.5--77.5) Medium (6--8 members)2.7 (1.9--3.5)16,50014.1 (11.4--16.7)11,41536.2 (34.0--38.3)26,63473.1 (71.0--75.2)12,02570.4 (68.1--72.7) Large (9+ members)1.5 (1.0--1.9)28,06510.2 (7.9--12.5)19,43429.8 (27.6--32.1)26,76862.7 (60.4--64.9)15,11861.2 (58.9--63.5)All estimates take into account sample weights*CI* Confidence intervals, *DHS* Demographic and Health Survey, *MICS* Multiple Clusters Indicator Survey, *MIS* Malaria indicator Survey, *N* number of individuals

Use of ITN at individual level (P4) {#Sec12}
-----------------------------------

In 2003, 2.0% (1.6, 2.3%) slept under a net. In 2010, the proportion of people who slept under an ITN was 31.5% (29.8, 33.2%) compared to 67.0% (65.3, 68.7%) in 2014, suggesting a considerable increase of 65.0% points from 2003 to 2014 (p \< 0.001, Fig. [1](#Fig1){ref-type="fig"}). In urban areas, 5.6% of individuals used ITNs in 2003, a proportion that increased to 61.8% by 2014 (p \< 0.001). In rural areas, a significant increase was also observed, with 1.2% of people who used an ITN in 2003 and 68.8% in 2014 (p \< 0.001). The substantial increase in the proportion of people who slept under ITNs was observed across all quintiles of wealth. Use of ITNs increased significantly from 0.8% in 2003 to 63.7% in 2014 (p \< 0.001) in the poorest wealth quintile. In the second poorest wealth quintile, ITN use increased from 0.8% in 2003 to 69.1% in 2014 (p \< 0.001), compared to an increase of 54.9% points in the richest quintile (6.1--61.0%) (Table [5](#Tab5){ref-type="table"}).Table 5Proportion of population who slept under an insecticide-treated bed net the night before the surveyBackground characteristicDHS 2003MICS 2006^a^DHS 2010MIS 2014Percentage point change (2003--2014)% (95% CI)N% (95% CI)N% (95% CI)N% (95% CI)NResidence Urban5.6 (4.4--6.7)12,313----31.2 (28.0--34.5)21,75861.8 (58.8--64.8)673356.2 (53.0--59.4) Rural1.2 (0.8--1.5)46,530----31.6 (29.5--33.6)58,77468.8 (67.0--70.6)31,66067.6 (65.8--69.5)Household wealth quintiles Poorest0.8 (0.3--1.2)10,802----25.9 (23.4--28.5)15,24363.7 (60.5--66.8)838062.9 (59.7--66.1) Poorer0.8 (0.4--1.1)11,113----30.2 (27.7--32.7)15,38969.1 (66.9--71.3)849568.3 (66.1--70.5) Average0.9 (0.4--1.5)14,345----32.7 (30.2--35.1)16,30671.2 (68.8--73.5)852070.2 (67.8--72.7) Richer1.3 (0.7--1.9)10,056----34.5 (31.8--37.1)16,98970.1 (67.6--72.6)816568.8 (66.2--71.4) Richest6.1 (4.8--7.3)12,527----34.2 (31.1--37.3)16,60561.0 (57.8--64.2)483354.9 (51.5--58.3)Size of the household Small (1--5 members)3.1 (2.5--3.8)14,278----37.3 (35.2--39.3)27,13072.3 (70.3--74.4)11,25069.2 (67.0--71.3) Medium (6--8 members)2.1 (1.4--2.8)16,500----31.0 (29.0--33.0)26,63469.5 (67.4--71.6)12,02567.4 (65.2--69.7) Large (9+ members)1.2 (0.8--1.7)28,065----26.2 (24.1--28.4)26,76860.6 (58.1--63.0)15,11859.4 (56.8--61.9)All estimates take into account sample weights*CI* Confidence intervals, *DHS* Demographic and Health Survey, *MICS* Multiple Clusters Indicator Survey, *MIS* Malaria indicator Survey, *N* number of individuals^a^Data not available

In terms of regions, the largest increase occurred in the Central-East and Central-South regions. The absolute increase in ITN use in the Central-East region was 75.9% points (p \< 0.001), increasing from 2.6% in 2003 to 78.6% in 2014. The corresponding estimates for the Central-South region were 1.4% in 2003 and 75.4% in 2014 (p \< 0.001) (Fig. [3](#Fig3){ref-type="fig"}).Fig. 3Trends of main usage indicators between 2003 and 2014, Burkina Faso. The proportion of the population (**a**), of children under 5 years (**b**) and pregnant women (**c**) who slept under an ITN the night before the survey is indicated for each region, for 2003, 2006, 2010 and 2014 respectively

Use of ITN among children under 5 years of age (P5) {#Sec13}
---------------------------------------------------

In 2003, 1.9% (1.5, 2.4%) of children under 5 years of age were sleeping under an ITN, compared to 9.6% (7.6, 11.6%) in 2006, 47.4% (45.3, 49.5%) in 2010, and 75.2% (73.2, 77.3%) in 2014 (Table [5](#Tab5){ref-type="table"}). Overall, the use of ITNs among children under five years has increased significantly from 2003 to 2014 (p \< 0.001) (Fig. [1](#Fig1){ref-type="fig"}).

Analysis of ITN use by age band showed a significant increase from 2003 to 2014. In children younger than 12 months, use of ITNs increased from 1.9% in 2003 to 77.0% in 2014 (p \< 0.001). Among children aged 12--23 months, the proportion that used ITNs increased from 2.2% in 2003 to 76.7% in 2014, suggesting an absolute increase of 74.5% points between the two periods (p \< 0.001). Substantial increases in the use of ITNs also were observed in older children (ages 24, 36 and 48 months) from 2003 to 2014 (Table [6](#Tab6){ref-type="table"}).Table 6Proportion of children under 5 years old who slept under an insecticide-treated bed net the night before the surveyBackground characteristicDHS 2003MICS 2006DHS 2010MIS 2014Percentage point change (2003--2014)% (95% CI)N% (95% CI)N% (95% CI)N% (95% CI)NAge group (months) 0--111.9 (1.2--2.6)215311.3 (8.6--13.9)120955.6 (52.4--58.8)151777.0 (73.8--80.2)141275.1 (71.8--78.4) 12--232.2 (1.5--2.9)18928.1 (5.7--10.4)106954.6 (51.1--58.1)142776.7 (73.8--79.5)131474.5 (71.6--77.4) 24--352.3 (1.4--3.2)181910.2 (7.6--12.9)114946.3 (42.7--49.9)142674.7 (71.9--77.5)140872.4 (69.5--75.3) 36--471.9 (1.1--2.7)209110.0 (5.0--15.0)106045.4 (42.1--48.7)144775.5 (72.7--78.3)141973.6 (70.7--76.6) 48--591.4 (0.7--2.1)18677.7 (4.5--10.8)79645.2 (42.9--47.5)840772.4 (69.1--75.7)136970.9 (67.5--74.3)Gender Male1.8 (1.3--2.3)506110.2 (7.5--12.9)267747.9 (45.7--50.2)722375.5 (73.3--77.8)350673.7 (71.4--76.0) Female2.1 (1.5--2.6)47619.0 (6.9--11.2)260446.8 (44.4--49.1)700175.0 (72.5--77.4)341672.9 (70.3--75.4)Residence Urban6.2 (4.4--7.9)163123.8 (17.8--29.9)57345.5 (41.5--49.6)316769.9 (64.8--75.1)105163.7 (58.3--69.2) Rural1.3 (0.9--1.8)81916.2 (4.7--7.8)471047.8 (45.4--50.1)11,05776.8 (74.7--78.8)587175.5 (73.4--77.6)Household wealth quintiles Poorest1.2 (0.3--2.2)18104.4 (2.5--6.4)125541.2 (37.4--45.0)275672.3 (68.4--76.3)152871.1 (67.0--75.3) Poorer0.7 (0.2--1.3)20116.0 (3.7--8.3)110046.4 (43.0--49.8)292376.1 (73.1--79.0)157075.3 (72.3--78.3) Average0.8 (0.3--1.2)25826.0 (3.8--8.2)130649.2 (46.0--52.3)310978.5 (75.4--81.6)160477.7 (74.6--80.9) Richer1.6 (0.6--2.6)17489.4 (6.2--12.7)109151.5 (48.1--54.9)308678.3 (74.4--82.2)150876.7 (72.7--80.7) Richest7.0 (4.9--9.1)167126.2 (21.5--30.9)53148.8 (45.1--52.6)235069.7 (64.3--75.1)71262.7 (56.9--68.5)Size of the household Small (1--5 members)2.9 (1.9--3.9)236515.4 (9.8--21.0)103953.5 (51.1--55.9)485377.9 (74.5--81.4)213575.1 (71.5--78.7) Medium (6--8 members)2.2 (1.4--3.1)263310.0 (6.6--13.5)159046.4 (43.6--49.1)463478.2 (75.4--81.1)204876.0 (73.0--79.0) Large (9+ members)1.3 (0.7--1.9)48246.5 (4.8--8.3)265442.0 (39.0--45.1)473770.7 (67.9--73.5)273969.4 (66.6--72.3)All estimates take into account sample weights*CI* Confidence intervals, *DHS* Demographic and Health Survey, *MICS* Multiple Clusters Indicator Survey, *MIS* Malaria indicator Survey, *N* number of children

In urban settings, 6.2% of children under five years slept under an ITN in 2003, compared to 69.9% in 2014, indicating an absolute increase of 63.7% points (p \< 0.001). In 2003, 1.3% of children under 5 years living in rural areas slept under an ITN. This proportion increased significantly in 2014, reaching 76.8% in children under 5 years living in rural areas (p \< 0.001).

In wealth quintiles, the smallest increases were observed in children under 5 years from the richest wealth quintile, with an increase from 7.0% in 2003 to 69.7% in 2014 (Table [6](#Tab6){ref-type="table"}).

Marked increases in ITN use were also achieved in all regions over the specified period; however, the Centre-East and Centre-Nord regions displayed the greatest increase in ITN use compared to the other regions with an increase from 2.5 to 86.5% and from 0.5 to 82.1% (Table [6](#Tab6){ref-type="table"}, Fig. [3](#Fig3){ref-type="fig"}).

Use of ITN among pregnant women (P6) {#Sec14}
------------------------------------

The use of ITNs by pregnant women in Burkina Faso was 3.0% (1.9, 4.2%) in 2003, 44.5% (41.2, 49.%) in 2010, and 77.1% (72.9%, 81.3%) in 2014, indicating a significant increase from 2003 to 2014 (p \< 0.001) (Fig. [1](#Fig1){ref-type="fig"}). In urban areas, 7.5 and 69.6% of pregnant women used ITNs in 2003 and 2014, respectively, an increase of 62.1% points (p \< 0.001, Table [7](#Tab7){ref-type="table"}). The corresponding estimates in rural areas were 2.1% in 2003 and 78.8% in 2014, a significant improvement in ITN use among pregnant women between these periods (p \< 0.001). A trend similar to that of ITN use in children under five years was found when analyses were performed by wealth quintile.Table 7Proportion of pregnant women who slept under an insecticide-treated bed net the night before the surveyBackground characteristicDHS 2003MICS 2006^a^DHS 2010MIS 2014Percentage point change (2003--2014)% (95% CI)N% (95% CI)N% (95% CI)N% (95% CI)NResidence Urban7.5 (4.0--10.9)219----38.3 (30.7--45.9)37869.6 (57.5--81.8)673362.1 (49.6--74.7) Rural2.3 (1.1--3.6)1056----45.8 (42.2--49.4)131078.8 (74.5--83.1)31,66076.5 (72.0--80.9)Household wealth quintiles Poorest1.1 (−0.4--2.7)221----44.0 (37.5--50.5)29769.0 (60.8--77.2)16167.9 (59.6--76.2) Poorer0.7 (−0.4--1.7)269----42.5 (36.4--48.6)36978.5 (71.4--85.6)849577.8 (70.7--84.9) Average3.2 (0.4--5.9)343----43.2 (37.1--49.2)36579.8 (72.9--86.8)852076.7 (69.3--84.1) Richer1.5 (−0.4--3.3)216----49.1 (42.4--55.7)35887.8 (82.1--93.6)816586.4 (80.4--92.4) Richest9.4 (4.9--14.0)226----43.9 (36.2--51.6)29965.5 (50.8--80.3)483357.4 (42.2--72.5)Size of the household Small (1--5 members)4.3 (2.3--6.3)442----47.0 (42.6--51.4)81375.8 (69.7--81.9)11,25071.5 (65.1--77.9) Medium (6--8 members)2.0 (0.0--4.0)350----42.1 (36.9--47.2)46378.3 (71.5--85.2)12,02576.3 (69.2--83.4) Large (9+ members)2.5 (0.3--4.7)483----42.2 (36.3--48.1)41278.4 (71.3--85.6)15,11875.9 (68.5--83.4)All estimates take into account sample weights*CI* Confidence intervals, *DHS* Demographic and Health Survey, *MICS* Multiple Clusters Indicator Survey, *MIS* Malaria indicator Survey, *N* number of pregnant women^a^Data not available

ITN ownership and use gaps {#Sec15}
--------------------------

In 2003, 94.4% (93.5, 95.2%) of the study households did not possess an ITN (Fig. [1](#Fig1){ref-type="fig"}). Among those who owned at least one ITN, 67.0% (61.5, 72.4%) did not have sufficient bed nets to protect all members (intra-household net ownership gap). However, 19.4% (n = 94) of these households had excess ITNs (i.e., more than one ITN for every two people). A significant proportion (21.9%, n = 316) of the population with sufficient access to ITNs did not actually use them the night before the survey.

In 2010, 43.0% (41.0, 45.2%) of the study households did not have an ITN. The intra-household net ownership gap was 67.6% (65.8, 69.3%), indicating that about two-thirds of the households with at least one ITN did not have sufficient ITNs to protect all members. This gap is presented in Table [8](#Tab8){ref-type="table"} by background characteristics and shows that the gap was very high in large household size (93.4%) and rural areas (70.4%). However, 18.3% (n = 1475) of these households had excess ITNs (i.e., more than one ITN for every two people). A small proportion (12.7%, n = 3700) of the population with sufficient access to ITNs did not actually use them.Table 8Proportion of households owning at least one insecticide-treated bed net but with fewer than one net for every two household members (intra-ownership gap)Background characteristicDHS 2003MICS 2006DHS 2010MIS 2014Percentage point change (2003--2014)% (95% CI)N% (95% CI)N% (95% CI)N% (95% CI)NResidence Urban60.8 (53.8--67.8)218253.5 (45.1--62.0)92158.7 (56.0--61.3)439136.7 (33.5--39.8)130523.9 (15.8--31.9) Rural74.4 (66.8--81.9)686876.2 (72.8--79.6)460270.7 (68.5--72.9)999748.9 (47.0--50.7)510425.9 (18.2--33.7)Household wealth quintiles Poorest67.0 (51.0--82.9)188082.5 (75.0--90.1)127674.6 (71.4--77.8)262051.3 (47.4--55.2)151115.4 (−0.8--31.6) Poorer90.5 (79.6--101.4)161982.2 (76.0--88.5)127671.1 (67.9--74.3)274448.3 (45.1--51.5)138542.1 (30.3--53.8) Average80.4 (67.7--93.2)202374.0 (67.1--80.9)111670.2 (67.2--73.2)277751.4 (48.1--54.7)128828.7 (15.6--41.9) Richer79.4 (66.6--92.2)140777.6 (71.9--83.3)101370.2 (67.2--73.3)292244.5 (41.1--47.9)123635.2 (22.7--47.8) Richest59.2 (52.8--65.6)212150.4 (42.9--57.9)84256.1 (53.4--58.8)332533.3 (30.2--36.4)98926.0 (18.8--33.2)Size of the household Small (1--5 members)45.2 (38.2--52.2)442141.2 (34.9--47.5)234549.9 (47.8--52.1)816925.5 (23.7--27.4)336220.4 (13.3--27.5) Medium (6--8 members)87.9 (78.3--97.5)240176.6 (69.7--83.6)166583.7 (81.7--85.7)391159.3 (56.2--62.5)176028.6 (18.0--39.2) Large (9+ members)97.5 (94.5--100.5)222894.7 (91.8--97.6)151393.4 (91.7--95.1230880.7 (78.0--83.4)128716.8 (12.9--20.8)All estimates take into account sample weights*CI* Confidence intervals, *DHS* Demographic and Health Survey, *MICS* Multiple Clusters Indicator Survey, *MIS* Malaria indicator Survey, *N* number of households

In 2014, only 10.6% (9.2, 12.0%) of the study households did not have an ITN. The intra-household net ownership gap was 45.3% (43.6, 47.1%), indicating that about half of the households with at least one ITN did not have sufficient ITNs to protect all members. This gap was 80.7% in large household size and well above the national average (Table [8](#Tab8){ref-type="table"}). However, 34.5% (n = 1926) of these households had excess ITNs (i.e., more than one ITN for every two people). A small proportion (5.9%, n = 1562) of the population with sufficient access to ITNs did not actually use them. In contrast, this proportion was 13.1% in urban areas and only 3.4% in rural areas (Table [9](#Tab9){ref-type="table"}).Table 9Proportion of individuals with access to an insecticide-treated bed net who did not use them the night before the survey (behavioural gap)Background characteristicDHS 2003MICS 2006^a^DHS 2010MIS 2014% (95% CI)N% (95% CI)N% (95% CI)N% (95% CI)NResidence Urban31.0 (27.9--34.1)12,313----22.2 (21.2--23.2)21,75813.1 (12.3--13.9)6733 Rural9.6 (7.3--11.9)46,530----9.6 (9.2--10.0)58,7743.4 (3.1--3.7)31,660Household wealth quintiles Poorest0.0^b^ (0.0--1.2)10,802----12.0 (11.1--12.9)15,2430.0^b^ (0.0--0.0)8380 Poorer8.9 (3.2--14.6)11,113----9.9 (9.1--10.7)15,3894.4 (3.9--4.9)8495 Average17.8 (11.9--23.7)14,345----8.6 (7.9--9.3)16,3063.8 (3.3--4.3)8520 Richer16.9 (10.9--22.9)10,056----8.1 (7.4--8.8)16,9896.4 (5.8--7.0)8165 Richest26.6 (23.8--29.4)12,527----22.5 (21.5--23.5)16,60515.0 (14.0--16.0)4833Size of the household Small (1--5 members)24.6 (21.2--28.0)14,278----11.7 (11.1--12.3)27,1309.2 (8.6--9.8)11,250 Medium (6--8 members)23.0 (19.1--26.9)16,500----14.3 (13.6--15.0)26,6344.9 (4.4--5.4)12,025 Large (9+ members)16.3 (12.7--19.9)28,065----12.1 (11.4--12.8)26,7683.3 (2.9--3.7)15,118All estimates take into account sample weights*CI* Confidence intervals, *DHS* Demographic and Health Survey, *MICS* Multiple Clusters Indicator Survey, *MIS* Malaria indicator Survey, *N* number of individuals^a^Data not available^b^Negative gap values were set to zero

Discussion {#Sec16}
==========

The Government of Burkina Faso set a national goal to increase ITN ownership, access and use. These data provide evidence of the remarkable increase in the coverage of ITN ownership, particularly in 2014 after the second free distribution campaign. Indeed, ownership, access and use indicators calculated following MERG's recommendations \[[@CR21]\] dramatically increased between 2003 and 2014 and was particularly successful at reaching the poorest populations. The increasing trend in ITN ownership described here, is consistent with data from 19 SSA countries during a similar time period \[[@CR26]\]. The data show that the two free distribution campaigns substantially increased ITN ownership and reduced inequity among populations in Burkina Faso. These findings are consistent with other free mass distribution campaigns that have been carried out in SSA \[[@CR9], [@CR27]\], demonstrating that this strategy can be used to rapidely scale-up ITN coverage in areas with low coverage and reduce social inequity. However, despite the significant progress, less than 50% of households own enough ITNs to protect every household members (Fig. [1](#Fig1){ref-type="fig"}). These campaigns should not represent the only mechanism by which ITNs are distributed to poorest communities and vulnerable populations \[[@CR9]\]. In Burkina Faso, ITNs were provided for free to pregnant women and children under five years of age through routine channels, such as antenatal care and immunization campaigns. ITNs were also available for purchase in retail shops and stores. This could explain both the slight increase in bed net ownership (Fig. [1](#Fig1){ref-type="fig"}) and use (Fig. [3](#Fig3){ref-type="fig"}). However, the relative contribution of these distribution channels remains, to date, very limited. More than 90% of the ITNs were obtained during the free distribution campaign \[[@CR25]\]. To reach and maintain high ITN coverage in Burkina Faso, there is a need to improve the contribution of the routine distribution through ANC and vaccination programs and develop alternative strategies, such as the continuous distribution of ITN in schools and by community health workers for replacement \[[@CR28]\]).

Ownership and behavioural gap analyses provide complementary information regarding ITN ownership and use. The results reveal geographical and sociogeographic discrepancies of ITN ownership and use. Gap decreased (\>10% point change) in all regions, with highest decreases in the Hauts-Bassins and, in the Sud-Ouest half of the country (zones where malaria transmission is permanent with a peak during the rainy season). Sahel, Nord and Centre-Est (where malaria transmission is seasonal) display lower gap reduction, but the ownership gap was already low in 2003. Change in malaria transmission may explain this difference. In 2014, geographical discrepancies in the ownership gap were minimum. Remarkably, the ownership gap increased in Centre-Nord. This increase can be attributed to the 2003 gap value, which is clearly an outlier: 35.8% gap, while the gap in all other regions fell between 59 and 90 (Fig. [4](#Fig4){ref-type="fig"}).Fig. 4Trends of ownership and behavioural gaps between 2003 and 2014, Burkina Faso. The proportion of households owning at least 1 ITN but less than 1 for every 2 members (**a**) and the proportion of people with access to ITN but who did not use it the night before the survey (**b**) is indicated for each region, for 2003, 2006, 2010 and 2014 respectively

By contrast with ownership gap, behavioural gap remained stable across the country. However, significant decrease was observed in Boucles de Mouhoun, Centre, Centre-Sud, and Centre-Est. All four regions displayed higher-than-average behavioural gap in 2003. In this respect, Centre consistently displayed higher behavioural gap values for all years studied, most likely because the population in this region is concentrated in urban habitat (Ouagadougou). This result could be explained by higher population dynamics in the capital region. Interestingly also, the change in behaviour is very recent in this region (in 2010, behavioural gap was 40%). In 2014, the behavioural gap was uniformly low across the country (0--15%). This reduction is probably a result of the health promotion programmes initiated by the Government of Burkina Faso to improve awareness concerning malaria prevention methods \[[@CR25]\].

Household size is the main factor associated with ownership gap in this study. Large households with at least one bed net lacked additional bed nets to protect all family members (vs 25.5% for small households). Conversely, households in urban settings and from the richest quintile of the population more frequently owned enough bed nets than households located in rural settings or with a lower wealth index. This result is consistent with the findings of other studies showing that ITN coverage is lower in urban areas because mass distribution campaigns usually focus on rural communities \[[@CR29], [@CR30]\]. Therefore, future strategies for ITN distribution should pay partiuclar attention to urban areas.

Overall, the behavioural gap was very low in 2014. However, households located in urban settings and from the richest quintile of wealth index have higher gaps, because they might have other alternative prevention methods, such as better housing. Also, behavioural gap was significantly lower for large households which could result from large households having more family members (especially children) sleeping under the same bed net. The results showed that only a few large households possessed enough bed nets to protect all family members.

This study has a few limitations, however, they do not affect the validity of the results. This study was based on exiting data, and was limited by available data. Survey data were collected during different seasons of the year. MIS data were collected during the high transmission period while DHS data were collected during the end of the transmission period. This difference could potentially affect the trends analysis and may have under- or overestimated the effect size, as ITN use can be seasonal depending on the perceived nuisance of mosquitoes \[[@CR31]\]. Furthermore, the measures presented in this paper were self-reported and therefore susceptible to social desirability biases.

Conclusion {#Sec17}
==========

Following the two free mass distribution campaigns in 2010 and 2013, Burkina Faso has made considerable progress in coverage of ITN ownership, access and use between 2003 and 2014. However, bed net coverage remains below national targets of 100% for ownership and 80% for use. To reduce significantly the malaria burden in Burkina Faso, the NMCP needs to increase further and sustained ITN ownership and use in the general population. The free mass distribution campaigns contributed effectively to increase INT ownership and use in Burkina Faso. The NMCP should continue implementing these campaigns to reach the universal coverage target. In addition, these campaigns should be complemented by other bed net distribution mechanisms (through antenatal care, immunization) to identify and replace nets that are worn, damaged or lost between free mass distribution campaigns. Furthermore, NMCP should have an effective behaviour change communication component in all distribution mechanisms to ensure that the population use bed nets consistently.
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